The development of new technologically advanced products requires the contribution from a range of skills and disciplines, which are often difficult to find within a single company or organization. Requirements establishment practices in Systems Engineering (SE), while ensuring coordination of activities and tasks across the supply network, fall short when it comes to facilitate knowledge sharing and negotiation during early system design. Empirical observations show that when system-level requirements are not available or not mature enough, engineers dealing with the development of long lead-time sub-systems tend to target local optima, rather than opening up the design space. This phenomenon causes design teams to generate solutions that do not embody the best possible configuration for the overall system. The aim of this paper is to show how methodologies for value-driven design may address this issue, facilitating early stage design iterations and the resolution of early stage design trade-offs. The paper describes how such methodologies may help gathering and dispatching relevant knowledge about the 'design intent' of a system to the cross-functional engineering teams, so to facilitate a more concurrent process for requirement elicitation in SE. The paper also describes EVOKE (Early Value Oriented design exploration with KnowledgE maturity), a concept selection method that allows benchmarking design options at sub-system level on the base of value-related information communicated by the system integrators. The use of EVOKE is exemplified in an industrial case study related to the design of an aero-engine component. EVOKE's ability to raise awareness on the value contribution of early stage design concepts in the SE process has been further verified with industrial practitioners in ad-hoc design episodes.
Introduction
Typical approaches for requirements elicitation (e.g., Geisser and Hildenbrand 2006, Pohl 2010) begin with the assumption that the Systems Engineering (SE) (INCOSE 2011) process shall only deal with the step-by-step transformation of the customer needs into specifications of a design (Durugbo et al. 2013 ). This view is challenged by the reality of the industrial landscape in the domain of technologically advanced products. In the aerospace sector, for instance, Original Equipment Manufacturers (OEMs) are increasingly building strategic alliances with customers, research centers, subcontractors and even competitors (e.g., the International Aero Engines consortium, http://i-a-e.com), to acquire the range of skills, knowledge and expertise needed to develop new products, services, or combinations of them (Acha et al. 2004 , Tien 2012 .
Research in SE shows that, in such a consortium, requirements elicitation is far from being a linear, monolithic process; rather, it follows a more concurrent process (Prasad 1999). In order to improve clarity, awareness and understanding of what should be included in a system design, and hence to minimize development time and later rework, iteration and negotiation with customers and stakeholders must be established since the earliest design phases (Jiao 2006 , Withanage et al. 2010 . Information about where user needs originate and mature becomes critical to understand which sub-system performances have to be sacrificed to optimize the overall system behavior. This makes systems engineers to go back and refer to the original construct of 'value' to orient their early stage design decisions (Monceaux and Kossmann 2012).
However, when moving from the macro level to the micro, this 'value' notion becomes blurrier, and contextual understanding gets lost when requirements are communicated down the supply network (Monceaux et al. 2014) . Lacking of a 'sound basis' for decision-making, engineers working at sub-system and component level tend to avoid opening up the design space. They rather follow their 'normal specifications', targeting conservative solutions that are potentially less prone to corrective rework and unplanned costs (Isaksson et al. 2013 ). These 'local optima' seldom embody the best possible result for the overall system. Most likely they hinder the possibility of identifying solutions that would work even better and that maximize value (Collopy and Hollingsworth 2011). For this reason, value modeling activities become appealing to elaborate an overarching and cross-system specification list that clarifies, early on, the context and underlying intent of the requirements shared by the OEM.
Objectives and Method
The paper investigates how value-driven design methodologies can support a more concurrent process for requirements elicitation in complex supply networks. It describes the use of value modeling as an information-driven approach, rather than an optimization methodology, to enable more frequent design iterations across all layers of such networks since the earliest stages of the system design process. The objective is to further illustrate how methods and tools for value-driven design can leverage cross-functional team awareness of the
